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NATIONAL ADVISORY COMMITTERE FOR AERONAUTICS

TECENICAL NOTE NO. 767

THEE EFFECTS OF ENGINE SPEED AND MIXTURE TEMPERATURE
‘ON THE KNWOCKING CHARACTERISTICS OF SEVERAL FUELS

By Dana W. Lee
SUMMARY -

8ix 100=pctanc and two 87-octane aviatlon engilne
fuels were tested in & modified C.F.R. variable-compres=
sion engine &% 1,500, 2,000, and. 2,500 rpm, The mixture
temperature was ralsed from 50° to 300° ¥ in approximately
50° steps and, at each temperature, the compression ratio
was adjusted to give inciplent knock as shown by a cathode-
ray lndicator. The results are preseunted in tadbular form.

The results are analyzed on the assumption that the
conditions which determine whether a given fuel will knock
are the maximum values of density and temperature reached

by the burning gases. A maximum permissible density fac-

tor, proportional to the maximum density of the burning
gases Jjust prior to incipilent knoeck, and the temperature
of the gases.at that time were computed for each of the
test conditions, Values of the density factor were plot-
ted against the corresponding end-gas temperatures for the
three engine speeds and also against engine spesed for sev-
eral end-ges temperatures.

The naxioun permissible density facitor varied only
slightly with englne spsed but decreased rapidly with an
increase in the end-gas temperature. The effect of chang=-
ing the mlxture temperature was different for fuels of
different types. The results emphaslze the desiradbility
of determining the antiknock values of fuels over a wide
range of englne and intake=-alr conditions rather than at
a single set of conditions.

INTRODUCTIONR

A nethod of expressing the relative maxinum power=-
output possibllities of aviatlion enginse fuels for a wide

"range of englne operating conditions has been developed
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by Rothrock and Biermann. The nethod is described ln refe-
erence 1 and is i1llustrated with data from several single-
eylinder test engines using different types of fuel. Be-
cause the maximum performance that may be obtalned with
nost aviation fuels depends on their knocking characteris—
tics, the conditions affecting knock are used as the basis
of comparison. The assumption 1s made that the conditions
which determine whether a given fuel will knock are the
paxinun density and tenperature reached by the burning
22888, It would be extromely difficult to determine these
conditions dlrectly. Rothrock and Biermann therefore de-
veloped equatlions with which the gas density and tenpera-
“ture resulting in Incipient knock could be estimated from
certaln engine and inlet-air conditions. The conditlons
most liksely to affect the density and the temperature of
the gasaes were concluded to be:

(a) Conpression ratio. o . _g;
(b) Inlet=air pressurse. | :
(¢) Inlet-air temperature.

{d) Spark advance.

(e) Fuel=air ratio.

(f) Combustion-chamber size and shape.

(g) Wall temperature of combustion chamber and cylin-
der.

{(h) Engine speed. ' S

The object of the tests described in this report was
to deternine the effects of englne speed and nmixture ten-
perature on the knocking characteristics of several avia-
tion engine fuels of different types, using the method pre~
sented in reference 1, and thereby to check further tho
usefulness of the method.

Some of the listed engine and inlst-alr conditions
must be kept constant in any one test program if the num- -
ber of tests is to be held to a reasonabvle limit. Condi- -
tions (f) and (g) were rendored constant for these tosts
by using only one test engine which, furthermore, had evap~ b
orative cooling. Condition (e) was kept constant by always
uwaing the fuel=air ratlo that gave naximum ongine powor.
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One set of tests was made with the spark advance set for
maximum power in each case and another set of tests was
made with a constant spark-advance setting. The inlet-
air pressure was atmospheric in every cass and so was

practically constant. TFor each fuel, the remaining vari- -
ables were therefore inlet-air temperature, engine speed,
and compression ratio.

With each fuel at each engine speed and at each mix-
ture temperature, the compression ratio was raised until
““eipient knock began. The test results are presented in
pbular form. -A meximum permissible density factor, pro-
fortional to the déngity of the burning gases in the end
zone just prior to incipient knock, and the temperature
of the gases at that time were computed for each test con~
dition. The computed results-.are presented as curves.

The tests were conducted iuring 1938 at the Langley
Field laboratories of the National Advisory Committee for
Aeronautics.

A¥FARATUS

The engine used was & standard C.F.R. varisble-com~
pression single~cylinder fuel-rating unit of 3-1/4-inch
bore and 4-1/2-inch stroke with the following modifica-
tions: Instead of Deing belt-connected to a constant-speed
electric motor, it was direct-connected %o a cradle-type
electric dynamometer; a high-speed crankcase made possible
the conduction of tests at any speed up to 3,000 rpm; the
three-bowl adjustaeble~level carburetor was replaced by an
automobile~type downdraft carburetor in vhich the fuel sur-
ply to the main Jet was manually controlled by a needle
valve and all the other jets were blocked off., Unshrouded
sodium-cooled valves were used for both intake and exhaust,

Electric heating units in a surge tank controlled the
temperature of the air supplied to the carburetor, The
readings of a mereury-in-glass thermometer Installed in
the intake manifold between the cardburetnr and the engine
were used as indications of the temperature of the gasoline-
alr mixture. -+

A photograph of the engine used is shown in figure 1.
The electric air heater is above the engine and the cathnde-
ray oscillograph used as a knock indicator is in the lower
right-hand corner. The engine is shown equipped with a
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manifold fuel-injeection system. Tor the present tests,
however, it was equipped with a carburetor.

The dgnition system was modified to operate from the
230-volt direct-current line to whick the dynamometer was
connected. (See fig. 2.) Ordinary incandescent electriec
lamps were used to reduce the voltage for the primary cir-
cuit and, as the direct-~current line was not grounded at
the generator, both breaker points were insulated from the
ground to guard against accidents due to stray grounds.
This arrangement eliminated the necessity for a battery or
a magneto. An aviation spark plug (BG-3B2) was used. The
spark timing was manually controlled. The variation in
gpark timing was about ¥0.5 crsnk degree at 2,500 rpm.

A piezoelectric crystal pick-up, installed in the
opening ordinarily occupied by the bouncing pin, and a
cathode~ray oscillograph enabled the operator to kesep a
close check on the rate of combustion. No bouncing pin
was used in these tests. Incipient knock could be detect-
ed by the appearance of a high-frequency vibration in the
pressure~time diagram on the osclllographk screen at en-
gine conditions less severe than those required to pro-
duce audidle knock. A more sensitive indication of this
incipient knock was obtained by inserting the single-
differentiating filter circuit shown 1in figure 3 between
the oscillograph and its amplifier, The screen then
showed the rate of change of pressure with frequencies of
the order of the engine speed largely suppressed but with
the knocking frequencies unaffected, and a higher amplifi-
cation could therefore be used.

Distilled water was used in the evaporatlve-type cooling
system, and & continuons indication of the fuel~air ratio
was given by an Englehard fuel-air ratio meter.

FPUELS

One of the fuels was the standard C.F.R. S-1 refsrence
fuel, a technical grade of iso~octane with an octane rating
of almost 100. Three other fuels were blends of 3-1 and
M-1 (a reference fuel having an octane number of about 18)
with enough tetraethyl lead sdded to raise the octane nunm-
ber to 100, es determined by the Army method. The propor-
tioneg of S§-1, M-1, and tetraethyl lead in these fuels
were established by the Matériel Division at Wright TField
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blend.

and are given ‘on the appropriate figures of this report,
Ethyl fluid was used in the fuels in the proportion of
1.53 mt of f£luid for 1 ml of tetraethyl lead.

Two other fuels rated at 100 octane by the Army nethod
were tested., These fuels were obtained fromn Wright Field
and were designated PPF-566 and PPF-580. TFuel PPF-566 was
a tolucerne blend and fuel PPF~-580 was an isopropyl ether

The final two fuels were obtained from an alrcraft-
engine manufacturer and were designated N-87 and X-87,.
Both fuels had been tested by the C.F.R. motor method
(A.S.TeM.) gnd had been given a rating of 87 octane nun=
ber. The N=87 fuel was described as being a Weonventionalll ™
aviation gasoline; the X-87 fuel was termsed "unconventlion-
al" and the manufacturer stated that it seemed to be su-
perior in octane number to ¥N-87 when used in an aviation
engine at high specific output. -

PRELIMINARY TESTS

Preliminary tests made with eech fuel at various com-
pression ratios, fuel-air ratios, and spark-advance angles
showed that the greatest sngine power was always obtained
at an indicated fusl-air ratio of about 0.077; this value
was therefore selected as standard for all perfornance
testse.

The spark-advance angle for maximun power w1th atnos-
pheric intakew~alr density, hereinafter called the oPtimun
spark-advance angle, always decreased as the compression
ratio was increased. Optimun spark-advance angles were
determined for the S-1 fuel with 1.5 nl of tetraethyl
lead per gallon added to prevent knocking, and these val-
ues were used for the performance tests at optimun spark-
advancs angles with the blends of §~1 and M-1 fucls and
also for the tests with the two fuels of 87 octane nundor,.
Separate determinations of the optinum spark-advance angle
for the PPF-566 and PPF-580 fuels were made because these
two fuels contained compounds whose chenlcal natures were
radically Aifferent from those of the S-~1 and the M=-1
fuels. Because the supply of PPF-580 and PP¥F-566 fuels
was linited, the optinum spark-advance angle was detornined
at only two or three compression ratios and a straight- ~line
relation was assuned to exist between the optimun angle
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and the compression ratio. During the performance tests,
a much higher compression ratio for incipient knock was
obtained than had been anticipated; extrapolation of the
nptimom spark-advance-angle curves was therefore neces-
sary. Again a straight-line relation was assumed.

The values of the optimum spark-advance angle were
determined at a mixture temperature of 200° F. Tests in-
dicated that the variation in optimum angle with mixture
temperature was too small to be considered in this inves-
tigation.

‘PERFORMANCE TESTS

Each of the eight fuels was tested at engine speeds
of 1,500, 2,000, and 2,500 rpm and at mixture temperatures
from about B0° or 100° F to about 300° F in approximately
50° steps. All terts were made at full throttle and with
atmospheric intake pressure. At each test condition, the
spark-advance angle was continunously adjusted for maximum
power as the compression ratio was varied until incipient
krock was indicated on the oscillograph screen. The 1gni-
tion switch was then momentarily opened to check for auto~
ignition. In no case did sutoignition occur. In addition
. to the tests with optimum spark-advence angles, the six
100~octane fuels were tested with a fixed spark—advance
angle of 30°,

No control nor measurement of atmospheric humidity
wes attempted. Although it was recognized that humidity
variations have small effects on knock, the magnitude of
those effects was considered to, be negligible in compari-
so? with the larger effects being studied. (See reference
1

The test results are presented in table I. 1In order
to make the table more concise, the mixture-temperature
readings for the three engine speeds and the two spark set-
tings have been averaged. The maximum deviation of any
"reading from the average was 90,

With. most of the fuels, the maximum permissible com~
rresslon ratio incremsed with increasing engine speed ex-
cert at the highest mixture temperature (300° ¥), at which
there was a slight decrease. The fuel containing 79 rer-
cent S5-1, however, when tested at a constant spark-advance
angle of 309, and the N-87 fuel at the optimum spark-ad-
vance angleé had increasing maximum permissible compression
ratios with increasing engine syeed at all mixture tem-
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o~ teratures. The PPF-566 fuel, on the other bhand, had a
decrease at all temperatures.

In nearly every case the maximum permissidble compres-
sion ratic decreaséd markedly as the mixture temperature
was increased. The decrease in compression ratio was
greater with the optimum than with the constant spark-ad-
vance angle. In most cases, the maximum permissidble com-
rression ratio was greater for the 309 srark advance than
for the optimum stark-advance anglas.

|
it

Values of the maxinun permissible compression ratilo.
greater than 8 for the PPF~580 fuel and 10 for the PPP-
566 fuel with optimum spark-advance angle are gquestion- .
eble becausc of the necessity of extrapolating the curves
in figure 4. Compaeriscn with the other data in tadble I
indicates that these questionable compre531on ratios are
probably too high., ) CoT s

ANALYSIS

The results of the performance tests were analyzed
by the method presented in reference 1, in which the fol-
lowing equaticns are given for a density facitor that is
proportional to the naxzinum gas density at the ‘end of
normal combustion and for the maximum gas temperature at

“that time: _ - T =
| mp, | : T | o
T Epy = =il 4 —— )V  Ga
s cyTy R

- : - .~\1:l L _

' : - E Y. .
Ty = T,RVU{1 4+ — 7_1' _ . (2a) _
| oy ¥ LR S
in which o
" p, mazinun gas density at end of normal combustion, -

T:3 naximun absolute zas - temperature at end of nor-
nal combustion.

i

R conpression ratioc.
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Py abso;ute inlet-ailr pressure.

T, absolute inlet-air temperature.

H heat contont per pound of mixturc.

e} specific heat of mixture at constant volums.
Y adiabatic coofficient.

X constant.

In eguation (la), RBL/Q_ represents the gas density
at the end of the compression stroke and” the expression

H

4 )

1+ represents the further compression

Yo
chlR

of the gas in the end zone during the combustion period.

Similarly, in equation (2a), ™R represoents the com-~
Yl

pression temperature and the expression 1+ vy
CleR -

represents the temperature increase in the end gas caused
by the compression in this zone during the conbustion.
Subscripts 1 and 3 refer to definite stages in the
preparatlon and the burning of the fuel charge, 1 being

the begilnning of the compression stroke and = belng the .

conpletion of combustion.

If now the values of R, Py, and T, wused in the
equations are those causing incipient knock, the values
of Xp, and T, will refer to the density and the ten-
rerature of the gases in the knocking zone Jjust before in-
cipient knock occurs., Thé following analysis consists in
the computation and the study of these two factors.

No account was taken in reference 1 of changes in the

tenperature and the pressure of the air during its rassage
through the carburetor and the intake passages and in the
cylinder during tho intake stroke. Many changes nay take
place. The pressure pay be increased by ranning action or
decraased by throttling at the valves. The tenmperature
may be 1lncreased by turbulence and will be decreased by

H X,

-
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veporization of the fuel., EHeat exchanges botween the
mixture and the combustion-chanber walls during the in=-
take stroke are alsoc lmportant. In this analysis, sonme
of these changes will be considered.

Neither the pressure nor the temperature of the ailr
at the beginrning of the compression stroko can bs conven-
lently detormined in routinse engine tests, but the weight
of air consumed per cycle can be nmeasured by a sultable-
flowneter, such as & callbrated thin-plate orifice. TUn-
fortunately, such data were not obtainecd at the %time each
tcst was made. As the best substltute available for such
data, the results of some air-consunption tests nmade at
the conclusion of the test progrem will be used.

The engine was opsrated at the sams fuel-air ratio,
speeds, and nixzxture temperatures as for the maxinun-con-
pression-ratio tests and the air consunption per cycle
was neasured with & gasometer and an elecirically operated
engine revolutlon counter. The results are presented in
figure 5 in the form of density correction factors F,
which are sinply the ratios of the volume of the air at
atmospheric density actually consumed per cycle to the sn~-
gine displacement, The presence of the large air heater
and the long Iintake pipe apparently resulied in a ramming
action at an engine speed of 2,000 rpn. The curves have
been exirapolated from a mixture temperature of 100° F to
50° F. Gonpression ratio 6 was the 'only conpression ratio

‘used. Other tests nade on this engine  &at- & mixture ten~

perature of 50° F have indicated that increasing the com-

"pression ratio fromw 6 to 1l results in.a decrease in the
"density correction factor of aboub 0.030 at 1,500 rpn,

0.015 at 2,000 rpm, and practically 0 at 2, 500 rpo. - No
corrections for' the ‘effects of compression ratio on /the
density correction factor, however, were attempted.

‘The gas density at the beginning of the conpression
stroke can now be estimated by multiplying the density of
the air entering the heater by the. proper density correc=
tion factor ¥F;  equetion (la) thern becomes

E " - (1b)

RPy .
‘Kpls'—.TF_l-l‘-_'——T::/-

‘in which the subsecript o6  refers fo the-éﬁqté”of théﬁéir

at atnospheric conditions.
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No further changes in the equations have been made
but mixture temperatures rather than alr tenperatures were
used for T,.

The density correction factors eliminate the effects
of changes in the engine speed and the mixture termperature
on the mixture density at the beginning of the conpression
stroke and thus reveal the true effects of englne speed
and nixture temperature on the knocklnb tendencies of the
~fusls. . .

Some of the data presented in reference 1 were plot-
ted as RP,/T;  against T;. Justification for the use
of these sinplified forms of equations (la) and (2a) was
found in the fact that the results of tests nade over a
wide range of inlet~air pressures, temperatures, and con=-
. pression ratios could be represented ‘2as & single curve
for any one fuel. The fact that the prosent tests were
conducted at const~nt inlet-alr pressure made it imnpossible
to determine whether the simplified coordinates could Dbe
used in this report. Some data from supeorcharging tests
on a C.F.Rs engine by Boerlagée and ziven ia table VI of
reference 1 indicate that the simpler forms should not be

uged for test results from a C.F.H. engine.

Values of Kpz and - Ty were therefore computed from
equations (1b) and (2a) for each of the test conditions
by substituting in the equatlons the values of R, Py,
Toy, and T3 from the test data, the valucs of the den=-
slty correction factor from figure 5, and the following
'qssumed values for the other factors: 1,160 Btu per pound
of nmixture for H; 0.25 Btu per pound per degrec Fahren-
heit for cyi’ and 1.29 for Y. Pressure was exprossed
in inches ©of mercury and temperature in degrecs Fahrenheilt,
both absolute. '

The values of the maxinum permissidle deneity factor
Kpz were plotted against the end-gas temperature Ti.
The results of the tests with the six 100-octane fuels
are shown in figure 6 for the optinum spark-advance angle
and, in figure 7, for the spark-advance angle of 30°,
(The supply of the toluene blend wae exhausted before tests
could be conpleted at 1,500 and 2,500 rpm with optinun
sperw=~advance angle.) Although all six fuels have the
sanc octans rating as determined by the Army method,
narked differonces in the fuels are shown from the sevarity
of the operating conditions at which incipient knock oc~-
curred. The toluene blend, which withstood the nost se-

)
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vere conditions, was best; the isopropyl ether blend was
next; and the four fuels containing S-1, M-l, and tetra-
ethyl lead were lowest and fairly well grouped.

The maxinum permissible density factor decreased rap-
idly with ilncreasing end-gas temperature for all ths fuels.
The rate of change was greategt with the toluene blend,
followed by the isopropyl ether blend and the S~1 refer-
ence fuel. The slope of the curves for the three blends
of S=1, M=1l, and tetraethyl lead were about the samse and
slightly less than for the S-1 fuel alone.

The effect of eungline speed on the meaximum permissible
dengity factor is more clearly shown in figures 8 and 9,
which are cross plots of the curves in figures 6 and 7 at
three values of the end-gas tenperature. The cross plots
show a slight increase in the maximum permissible density
factor with increasing englne speed for most of the fuels
at the lowest value of the end-gas temperature. As the
end~gas temperature increases, the slopes of the curves
decrease and even become negative in sonme cases.

Changes in the end-gas tenperature are primarily a
result of changes in the nixture temperature; the three
groups of curves in figure 8 and 9 nay thersfore be con-
sidered to represent low, medlum, and hi~h nixture tenper=
atures. The fact that the slopss of the curves change
with changes in the end-gas (or mixture) temperature sug-
gests that the effect of engine speed on the maximunm per-
nissible donsity factor may be a result of changes in the
anount and the direction of heat transfer between the en-
gine and the mixture during the intake and conpression
gstrokes. rather than a result of any effect of time on the
knock itself. At low mixture temperatures, for example,
the mixture will absorb heat from the oengine and the
anount absorbed will decrease as the engine speed increases.
The comnpression ratio required to produce incipient knock
will therefore increase and the computed value of the naxi-
nun pernissible density factor will be greater.

The computed values of Kpz plotted against Tz for
the two 87-octane fuels. are shown in figure 10. ' Tests.
were nade only at the optimum spark-advance angle for these

. fuels, It is especially significant that the maxinum per~

nissible density factors for the two fuels are. nearly
equal at the highest values of the end-gas temperature be-
cause the data for these points were obtained at & mixture
tenperature of about 300° F, the temperature used in the
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rating nothod which established them as 87-octane fuels.
FPigure 10 shows that these two fuels have equal antiknock
properties only at a mixture temperature of about 300° F.
At lower mixture temperatures, the X-87 fuél will have o
‘higher antiknock rating at all spoeds and, at higher mix-
ture temperatures, .the N-87 fuel will probadbly have the
higher antiknock rating.

CONCLUSIONS

- l. There were indications that the conmonly observed

. effects of englne speed on the knocking characteristics of .
fuels arc due more to changes in the temperature and the o
denslty of the mixture during the intake stroke than to . -
cany effect of time on knock itself.

2. For all ths fuels tested, increasing the mixture
tenperature resulted in a marked decrease in the compres=— \
gion ratio required to produce incipilent knock. The rate :
of change, however, was nmuch greater with sone of the
fuels than 1t was with others.

. B The test results emphasize the desirability of
determining the antiknock values of fuels over a wide
range of englne and intake-air conditions rather than at
a single set of conditions.

Lengley Memorial Aeronautical Laboratory,
Natlonal Advisory Conmittee for Aeromsutics,
Langley Field, Va., April 2, 1940.
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TABLE I L
EFFECTS OF ENGINE SPEED AND MIXTURE TEMPERATURE ON THE MAXIMUM PERMISSIBLE COMPRESSION RATIO

Oompression ratio .for incipient knock .
Average : e
Fuel mixture " - E—
temperature | With optimum epark advance|With constant sperk advance (30°)
(°F) 16500 rpm 2000 rpm 3500 rpm| 1600 rpm 8000 rpm 3500 rpa T
100-percent S-1 48 -_— —_ - 8.90 9.20 10.16 —
103 8.30 8.685 9.30 9.15 9.45 9.90 T
153 8.02 8.30 8.35 9.16 8.50 8.80
200 7.70 7.87 7.58 8.70 g.10 9.430 .
350 7.35 7.13 6.88 8.70 8.70 8.70
303 6.87 §.83 6.33 8.10 8.00 8.00
g0~percent 8-l 50 - -— -— 7.90 8.20 '8.90 ’
+10~percent M-l 104 7.71 g8.13 8.75 8.05 8.30 8.80
+1.0 ml tetraethyl 151 7.54 8.38 8.76 8,00 ‘8.45 8.80
lead per gallon 199 7.43 8.01 8.08 7.90 8.20 8.45 -
353 7.34 7.61 7.57 7.45 7.65 7.65
300 7.04 7.3 6.63 7.45 7.85 7.30
8B6~percent S-1 53 - -- - 8.50 8.80 9.80 T
+15~percent M-1 103 7.83 8.14 8.680 8.50 8.91 g.50
+2.0ml tetraethyl 153 7.81 8.18 8.53 8.80 8.80 9.30
lead per gsllon 205 7.83 7.87 8.07 8.45 8.80 8.80
253 7.45 7.83 7.60 8.10 8.70 8.50
297 7.14 8.87 6.64 8.05 8.60 8.06
79-percent S-1 64 _— - - 8.75 8.75 9.95 ‘— '
+3l-percent M-l 103 8.41 8.50 9.33 8.70. 8.80 8.55
$4.0 ml tetraethyl 161 8.23 8.54 8.08 8.40 9.10 9.80
lead per gallon 189 7.68 8.38 8.18 8.236 8.70 9.30 -
350 7.83 8.16 7.80 8.05 8.70 8.80
302 7.88 7.13 8.99 8.00 8.680 8.35
PPF-580 43 10.40 10.00 11 .85 10.10 10.40 11.00
(isopropyl ether 108 10.80 2.80 10.40 10.30 10.10 10.40
blend) * 163 10.30 8.30 9.80 10.00 9.80 9.80
198 8.50 8.50 8.00 9.30 9.35 9.30
357 8.80 8.10 7.65 .8.60 8.90 8.55
305 g8.10 7.00 7.00 8.30 8.00 8.90
PPF-566 (toluene B3 - 13.15 - 13.00 13.15 11.85 o
blend) 101 - 11.05 —_— 11.80 11.30 11.25
151 - 10.80 - 11.35 10.985 10.40
300 -—— 2.66 —_— 9.90 10.00 10.00
345 —-— 8.70 - 9.70 8.20 8.90
300 - 7.5 - 8.50 7.80 8.00 -
N-87 101 6.35 8.50 7.03 — —_— -
150 6.50 6.40 6.728 - —
198 5.85 6.10 6.35 — —_—
350 5.86 65.70 5.80 _— -_—
303 5.40 5.65 5.75 —_ —
X-87 101 7.66 7.87 8.66 —_ -
149 7.06 7.35 7.96 — - -
200 7.00 6.86 6.85 —_— -
850 5.97 6.20 8.18 — _—
3988 5.80 5.80 5.70 —_— —-—
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Figure l.- General view of test equipment.
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